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(54) Apparatus and method for micropatterning surfaces. 



I An apparatus 10 for micropatterning a photo- 
resist coated surface 12 of a semiconductor 
wafer 14 includes a computer 50 for controlling 
an image on a screen 29 of a cathode ray tube 
(CRT) 30. The CRT screen 29 is optically con- 
nected to a liquid crystal light valve (LCLV) 26 
by a fiber optic faceplate 28. This connection is 
such that the computer controlled image on the 
CRT screen 29 is reproduced on the face 27 of 
the LCLV 26 as a reflective pattern of this image. 
An argon-ion laser 16 provides a polarized 
monochromatic light beam 18 that is reflected 
from the face 27 of the LCLV 26. This reflected 
beam 32 is convergentty focused by a lens 
system 36 onto a projected area 37 of the 
photoresist coated wafer surface 12, thereby 
exposing the photoresist with an image of the 
LCLV reflective pattern. A helium- neon laser 38 
provides a polarized monochromatic light beam 
44 that is convergentiy focused onto the same 
projected area 37 of the wafer surface 12. How- 
ever, the wavelength of the helium-neon pro- 
vided light beam 44 is such that there is no 
exposure to the photoresist coated wafer sur- 
face 12. The helium-neon light beam is reflected 
from the projected area 37 of the wafer surface 
12 and directed toward an image plane 49 of a 
charge coupled device (CCD) camera 48. The 
CCD camera 48 captures an image of the pro- 
jected area 37 of the wafer surface 12 and a 
computer 50 digitizes this image. The computer 
50 determines the position of the wafer 14 with 
respect to the projected reflective pattern im- 
age, and updates the image on the CRT screen 
29 if the projected reflective pattern image is 
not properly aligned onto the wafer surface 12. 
Thus, the entire surface 12 of the wafer 14 may 
be micropattemed by moving the wafer 14 and 
updating the CRT screen 29 image in accord- 
ance with this movement 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to methods for mi- 
cro patterning a surface of a semiconductor wafer 
and, more particularly, to a method and an electro- 
optical apparatus that performs microlithography by 
electronically generating a mask pattern. 

Description of the Prior Art 

Optical lithography, otherwise known as photoli- 
thography, is a process which transfers a pattern of 
primary electronic or optical elements to a surface of 
a semiconductor wafer. This process of pattern trans- 
fer, or masking, is repeated many times during the 
fabrication of an integrated electronic circuit or an in- 
tegrated optical device. During the process, an entire 
surface of a wafer is coated with a photosensitive 
emulsion known as photoresist The photoresist coat- 
ed wafer surface is then optically exposed in a de- 
sired geometric pattern which forms the primary elec- 
tronic or optical elements. This process, as it is ap- 
plied to the fabrication of microelectronics and micro- 
optics, is termed microlithography. 

Conventional microlithography is generally per- 
formed with a projection scheme that utilizes a pre- 
cise photographic masking plate to project, using a 
lamp or a laser, a pattern of microelements onto an 
emulsion treated semiconductor wafer surface. An 
alignment of the projected mask pattern with fiducial 
marks or other features on the wafer surface requires 
a process that detects an alignment error between 
the projected pattern and the fiducial marks, and sub- 
sequently corrects this error. This alignment process 
is generally performed by an electromechanical ac- 
tuation system. Such an electromechanical alignment 
system is a complex and expensive way to achieve 
overlay registration. Also, a photographic masking 
plate is expensive and subject to defects and contam- 
ination. It is therefore desirable to perform microli- 
thography without an electromechanical alignment 
system or a photographic masking plate. 

SUMMARY OF THE INVENTION 

The present invention contemplates an appara- 
tus that micropatterns the surface of a semiconductor 
wafer with an electronically generated mask pattern 
that is optically aligned on a surface of the semicon- 
ductor wafer. This invention consists of a liquid crystal 
light valve (LCLV) that is optically connected to a com- 
puter driven cathode ray tube (CRT) by a fiber optic 
face plate. This connection is such that an image on 
the CRT screen produces a reflective pattern of this 
image on the face of the LCLV. Hence, as the com- 
puter controls the display of a mask pattern on the 



CRT screen, this mask pattern is reproduced on the 
face of the LCLV. 

A polarized light beam from an argon-ion laser is 
expanded, collimated, and reflectively directed to the 

5 face of the LCLV through a collimator, a first polariz- 
ing beam splitter (PBS), and a quarter wave plate 
(QWP), respectively. A portion of the argon-ion beam 
is reflected from the mask pattern laden face of the 
LCLV and returned through the QWP in the proper 

10 polarization so as to pass through the first PBS and 
also through a second PBS. This beam is demagni- 
f ied through a lens system and an image of the mask 
pattern is formed on a projected area of a photoresist 
coated semiconductor wafer surface, thereby expos- 

15 ing the photoresist with a demagnif ied mask pattern 
image. 

A polarized light beam from a helium-neon laser 
is expanded and collimated, proportionally reflective- 
ly directed, and totally reflectively directed to the sur- 

20 face of the semiconductor wafer through a collimator, 
a non-polarizing beam splitter (BS), and the second 
PBS, respectively. This helium-neon light beam is de- 
magnified through the same lens system that also de- 
magnified the argon-ion beam, and thus both of 

25 these beams are projected upon the same area of the 
wafer surface. However, the wavelength of the heli- 
um-neon light beam is chosen such that there is no 
exposure to the photoresist coated wafer surface. Ac- 
cordingly, this helium-neon beams is used to illumin- 

30 ate the projected surface area of the wafer and to as- 
sist in aligning the projected mask pattern image onto 
the wafer surface. It should be noted that a grid of 
alignment f iducials are customarily patterned across 
the entire photoresist coated wafer surface before the 

35 microlothography process begins. 

The helium-neon light beam is reflected from the 
wafer surface and reflected and proportionally 
passed through the second PBS and the BS, respec- 
tively, onto an image plane of a charge coupled device 

40 (CCD) camera. An image of the projected surface 
area of the wafer, including alignment fiducials, is 
formed on this image plane. The CCD camera cap- 
tures the projected surface area image, and a com- 
puter digitizes this captured surface image to deter- 

45 mine the present projected surface area position in 
relation to the entire wafer surface. This computer, 
which may be the same computer that controls the 
mask pattern display on the CRT screen, compares 
the present projected surface area position to a de- 

so sired or expected position and determines if any align- 
ment erros exist If an alignment error does exist, the 
computer updates the mask pattern display on the 
CRT screen, thereby making a real-time adjustment 
in the projected mask pattern being exposed onto the 

55 photoresist coated wafer surface. This alignment 
scheme allows full wafer surface area micro pattern- 
ing by moving the projected argon-ion and helium-ne- 
on light beams along the wafer surface and scrolling 
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an electronically generated mask pattern, that may be 
stored in the computer's memory, along with this 
movement 

The above stated method allows an entire sur- 
face of a wafer to be tracked optically and an electron- 5 
really generated mask pattern to be adjusted on a 
real-time basis in accordance with any wafer move- 
ment Thus, the present invention can perform micro- 
lithography without a conventional electromechanical 
alignment system or a photographic masking plate. 10 

A primary object of the present invention is to pro- 
vide a means for performing microlithography with an 
electronically generated mask pattern. 

Another object of the present invention is to pro- 
vide a means for optically performing an alignment of 15 
a projected pattern to a wafer (surface area). 

Another object of the present invention is to pro- 
vide a means for performing microlithography without 
the need for a photographic masking plate. 

Another object of the present invention is to pro- 20 
vide a means for performing microlithography without 
the need for an electromechanical alignment system. 

DESCRIPTION OF THE DRAWINGS 

25 

Figure 1 is a schematic representation of an elec- 
tro-optical micropatterning apparatus. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 30 

An electro-optical apparatus 1 0 for micropattern- 
ing a surface 12 of a semiconductor wafer 14 is shown 
in Figure 1. Before the micropatterning process be- 
gins, the surface 12 of the semiconductor wafer 14 is 35 
coated with a layer of photoresist and a grid pattern 
of alignment f iducials is applied on top of this photo- 
resist layer. This photoresist coated semiconductor 
wafer is then placed on a moveable X-Y stage 11 for 
micropatterning by the apparatus 10. 40 

In the present invention, an argon-ion laser 16, or 
some other monochromatic source of suitably short 
wavelength (250nm to 450nm), outputs a polarized 
monochromatic light beam 18. This beam 18 is ex- 
panded and collimated by a collimator 20 and reflec- 45 
tively directed by a first polarizing beam spl itter (PBS) 
22 through a quarter wave plate (QWP) 24 to a face 
27 of a liquid crystal light valve (LCLV) 26. The LCtV 
26 is optically connected to a screen 29 of a cathode 
ray tube (CRT) 30 by a fiber optic faceplate 28. The so 
CRT 30 is controlled by a computer 50. Thus, as the 
computer 50 controls a display of an image on the 
CRT screen 29, a reflective pattern of this image is 
produced on the face of the LCLV 27. This reflective 
pattern serves as a lithographic mask and is used to 55 
micropattern the photoresist coated surface 12 of the 
semiconductor wafer 14. It should be noted that, for 
purposes of this description, the computer 50 in- 



cludes a CRT driver circuit and a charge coupled de- 
vice (CCD) camera digitizer circuit in addition to a 
computer. 

A portion 32 of the collimated monochromatic 
light beam is reflected from the face of the LCLV 27 
and returned through the QWP 24, thereby obtaining 
the proper polarization so as to pass through the first 
PBS 22 and also through a second PBS 34. This 
beam 32 is demagnified through a lens system 36 
and an image of the lithographic mask pattern is 
formed on a projected area 37 of the wafer surface 
12. Thus, the projected area 37 of the photoresist 
coated wafer surface 12 is exposed with an image of 
the lithographic mask pattern. 

Ahelrum-neon laser 38, or some other monochro- 
matic light source of suitably long wavelength (e.g. 
550 nm to 650 nm) so as not to expose photoresist, 
outputs a polarized monochromatic light beam 44. 
This beam 44 is expanded and collimated by a colli- 
mator 40 and proportionally reflected by a non-polar- 
izing beam splitter (BS) 42 toward the second PBS 
34. The BS 42 induces an optical loss in the polarized 
and collimated helium-neon beam 46 due to a propor- 
tional reflective and transmissive quality that is inher- 
ent in non-polarizing beam splitters. The second PBS 
34 reflectively directs a BS reflected portion 33 of the 
collimated helium-neon beam 46 onto the surface 12 
of the semiconductor wafer 14. This reflectively di- 
rected beam 35 is demagnified through the same 
lens system 36 that also demagnified the argon-ion 
beam 32. Therefore, both of these beams 32, 35, are 
projected upon the same area 37 of the wafer surface 
12. Since the wavelength of the helium-neon beam is 
such that no exposure occurs to the photoresist coat- 
ed wafer surface 1 2, the entire projected surface area 
37 of the wafer may be illuminated. 

A polarized and collimated helium-neon beam 45 
is reflected from the projected wafer surface area 37 
and reflectively directed by the second PBS 34 to the 
BS 42. This reflectively directed helium-neon beam 
47 is proportionally passed through the BS 42 onto an 
image plane 49 of a CCD camera 48, where an image 
of the projected surface area 37 is formed. The BS 42 
again induces an inherent optical loss in the reflec- 
tively directed helium-neon beam 47, but the remain- 
ing beam intensity should be sufficient to allow a clear 
image of the projected surface area 37 to be formed 
on the CCD image plane 49. It should be noted, how- 
ever, that if the losses inflicted by the BS 42 are 
deemed to be too large, a more efficient method of di- 
recting the helium-neon beams 46, 47 is available. 

This alternate method of directing the helium-ne- 
on beams 46, 47 consists of replacing the BS 42 with 
a third PBS and toting the helium-neon laser 38, col- 
limator 40, and third PBS 42 assembly, presently 
shown in the Y-Z plane, at an angle of 45° along the 
negative X-axis coordinate. Also, a QWP is added in 
between the third PBS 42 and the second PBS 34 to 
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provide a correct polarization for the reflected and 
transmitted helium-neon beams 46, 47 respectively. 
This method eliminates the inherent optical losses in- 
flicted by the BS42. 

The CCD camera 48 captures the projected sur- 
face area image and t he computer 50 digitizes this im- 
age to determine the present projected surface area 
position 37. The computer 50 makes the position de- 
termination by comparing the captured surface area 
image, including alignment f iducials, to an expected 
surface area position. If a discrepancy is found in the 
comparison process an alignment error exists. To cor- 
rect an alignment error, the computer 50 updates the 
mask pattern display on the CRT screen 29, thereby 
making a real-time adjustment in the mask pattern im- 
age being exposed onto the projected area 37 of the 
photoresist coated wafer surface 12. 

The above-stated method allows full wafer sur- 
face micropatterning by moving the position of the 
wafer 14 with respect to the projected argon-ion 32 
and helium-neon 35 light beams, and adjusting the li- 
thographic mask pattern in accordance this move- 
ment That is, the X-Y stage 11 allows the position of 
the wafer 14 to be moved with respect to the station- 
ary position of the argon-ion 32 and helium-neon 35 
light beams. This wafer movement is detected by a 
computer comparison between the CCD camera 48 
captured surface area position and an expected sur- 
face area position. The mask pattern display on CRT 
screen 29 is then updated by the computer 50 in ac- 
cordance with the detected movement Lastly, the ar- 
gon-ion beam 32 images the updated lithographic 
mask pattern onto the projected area 37 of the pho- 
toresist coated wafer surface 12. 

It should be noted that a full wafer surface mask 
pattern and information regarding the expected sur- 
face area position is stored in the memory of comput- 
er 50. 

Although not fully addressed in this description, 
it is also possible to have the position of the micropat- 
terning apparatus 10 move with respect to a station- 
ary wafer 14. However, this scheme is much more 
complex due to the larger burden of moving the bulky 
apparatus 10 as compared to the small wafer 14 and 
due to the difficulty in keeping the optical elements 
in the apparatus 10 precisely aligned while it is mov- 
ing. 

It is thus seen that the objects set forth above 
and those made apparent from the proceeding de- 
scription are efficiency attained and, since certain 
changes may be made in the above apparatus with- 
out departing from the scope of this invention, it is in- 
tended that all matter contained in the above descrip- 
tion or shown in the accompanying drawing shall be 
interpreted as illustrative and not in a limiting sense. 



Claims 

1. An apparatus for micropatterning a surface, said 
surface having a property that is sensitive to ir- 

5 radiation, said apparatus comprising: 

means for generating a reflective pattern; 
means for irradiating said irradiation sen- 
sitive surface wit h a radiated image of said reflec- 
tive pattern; and 

10 means for determining the position of said 

irradiation sensitive surface on which said radiat- 
ed reflective pattern image is incident, such that 
said radiated reflective pattern image is property 
aligned with said irradiation sensitive surface, 

15 and such that when the position of said irradia- 
tion sensitive surface moves with respect to said 
radiated reflective pattern image, said generated 
reflective pattern changes in accordance with 
said movement. 

20 

2. An apparatus as described in Claim 1, wherein 
said means for generating a reflective pattern 
comprises: 

a cathode ray tube (CRT) for displaying an 

25 image; 

a liquid crystal light valve (LCLV) for form- 
ing a reflective pattern of said CRT displayed im- 
age; 

a fiber optic faceplate for optically con- 
30 necting said CRT to said LCLV; and 

a computer, electrically connected to said 
CRT, for controlling said CRT displayed image. 

3. An apparatus as described in Claim 2, wherein 
35 said computer controls an image on a screen of 

said CRT, wherein said image is optically trans- 
ferred by said fiber optical faceplate from said 
CRT screen to said LCLV, and wherein a reflec- 
tive pattern of said image is formed on a face of 
40 said LCLV. 

4. An apparatus as described in Claim 3, wherein 
said reflective pattern of said CRT displayed im- 
age is used as a lithographic mask pattern for ex- 

45 posing a photoresist coated surface of a semi- 
conductor wafer. 

5. An apparatus as described in Claim 1, wherein 
said means for irradiating comprises a means for 

so irradiating with monochromatic light 

6. An apparatus as described in Claim 5, wherein 
said means for irradiating with monochromatic 
light comprises: 

55 a source for providing a polarized mono- 

chromatic light beam; 

a collimator for collimating said polarized 
monochromatic light beam; 
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a LCLV for forming a reflective pattern 
from which said coll ima ted and polarized mono- 
chromatic light beam is reflected; 

a plurality of polarizing beam splitters for 
directing said collimated and polarized mono- 5 
chromatic light beam; 

a quarter wave plate (QWP) for changing 
the polarization of said collimated and polarized 
monochromatic light beam; and 

a lens system for providing focus to said 10 
collimated and polarized monochromatic light 
beam. 

7. An apparatus as described in Claim 1, wherein 

said means for determining the position of said ir- 15 
radiation sensitive surface comprises: 

a source for providing a polarized mono- 
chromatic light beam; 

a collimator for collimating said polarized 
monochromatic light beam; 20 

a plurality of beam splitters for directing 
said collimated and polarized monochromatic 
light beam; 

a lens system for providing a converging 
focus to said collimated and polarized monochro- 25 
matic light beam; 

a means for capturing a radiated image of 
said irradiation sensitive surface; and 

a means for comparing said captured radi- 
ated surface image with an expected surface im- 30 
age. 

8. A method for micropatterning a surface, said sur- 
face having a property that is sensitive to irradia- 
tion, said method comprising the steps of: 35 

generating a pattern from which polarized 
monochromatic radiation may be reflected; 

irradiating said irradiation sensitive sur- 
face with a radiation of polarized monochromatic 
light that is reflected from said generated pattern ao 
so as to radiate an image of said generated pat- 
tern; 

determining the position of said irradiation 
sensitive surface with respect to said polarized 
monochromatic radiation that radiates an image 45 
of said generated pattern; and 

updating said generated pattern to corre- 
spond with said determined irradiation sensitive 
surface position, such that said generated pat- 
tern changes in accordance with any determined 50 
position movement in said irradiation sensitive 
surface. 

9. A method as described in Claim 8, wherein said 
step of generating a pattern includes the sub- 55 
steps of: 

displaying an image on a screen of a CRT; 
optically connecting said CRT screen to a 



LCLV; and 

forming a reflective pattern of said CRT 
displayed image on a face of said LCLV. 

10. A method as described in Claim 8, wherein said 
step of irradiating said irradiation sensitive sur- 
face includes the substeps of. 

providing a polarized monochromatic light 

beam; 

collimating said polarized monochromatic 
light beam; 

directing said collimated and polarized 
monochromatic light beam toward said generated 
pattern; 

reflecting said directed, collimated, and 
polarized monochromatic light beam from said 
generated pattern; 

directing said reflected, collimated, and 
polarized monochromatic light beam toward a 
lens system; 

focusing said directed, reflected, collimat- 
ed, and polarized monochromatic light beam onto 
said irradiation sensitive surface; and 

exposing an image of said generated pat- 
tern onto said irradiation sensitive surface with 
said focused, directed, reflected, and polarized 
monochromatic light beam. 

11. A method as described in Claim 8, wherein said 
step of determining the position of said irradiation 
sensitive surface includes the substeps of: 

providing a polarized monochromatic light 

beam; 

collimating said polarized monochromatic 
light beam; 

directing said collimated and polarized 
monochromatic light beam toward a lens system; 

focusing said directed, collimated, and po- 
larized monochromatic light beam onto said irra- 
diation sensitive surface; 

reflecting said directed, focused, and pola- 
rized monochromatic light beam from said irradia- 
tion sensitive surface; 

collimating said reflected, focused, and 
polarized monochromatic light beam; 

directing said collimated, reflected, and 
polarized monochromatic light beam toward a 
CCD camera; 

capturing an image of said irradiation sen- 
sitive surface from said directed, collimated, re- 
flected, and polarized monochromatic light beam 
by said CCD camera; and 

comparing said captured irradiation sensi- 
tive surface image to an expected surface image. 

12. A method as described in Claim 8, wherein said 
step of updating said generated pattern includes 
the substeps of: 
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determining an alignment of said radiated 
image of said generated pattern onto said irradia- 
tion sensitive surface position by said step of de- 
termining the position of said irradiation sensitive 
surface with respect to said polarized monochro- s 
matic radiation that radiates said generated pat- 
tern image; and 

controlling a CRT screen to display an up- 
dated image from which said pattern is generat- 
ed, wherein said generated pattern is updated 10 
from said CRT displayed updated image, wherein 
an image of said updated pattern is radiated onto 
said irradiation sensitive surface by said pola- 
rized monochromatic radiation, and wherein said 
updated radiated pattern image is properly 15 
aligned onto said irradiation sensitive surface. 

13. A method as described in Claim 8, additionally in- 
cluding the step of applying a coating of photore- 
sist onto said surface to enable said surface to be 20 
irradiation sensitive. 
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